[Visualization of amyloid formation processes on cell membranes: gangliosides as key molecules for the onset of amyloidosis].
Deposition of insoluble amyloid fibrils in tissues is a common hallmark of a wide range of human diseases referred to as amyloidoses, including Alzheimer's disease, type II diabetes mellitus. The amyloid deposits cause cell dysfunction, death, and subsequently severe impairment in tissues. Elucidation of amyloid formation mechanisms is essential for prevention of the onset and development of amyloidoses. Accumulated experimental evidence demonstrates that membrane lipids enhance the fibril formation of amyloidogenic proteins. Our group demonstrated that amyloid formation by amyloid β-protein (Aβ) was facilitated by gangliosides in lipid raft-like model membranes. Phosphatidylserine and phosphatidylglycerol were also reported to trigger fibril formation by human islet amyloid polypeptide (hIAPP). However, it is not verified whether the proposed lipid-protein interactions can occur on plasma membranes of live cells. The author developed a method for visualizing amyloid fibrils on live cell membranes and investigated the roles of gangliosides and cholesterol in lipid rafts for amyloid formation. Congo red, an amyloid-specific dye, was found to be a promising compound for staining amyloids in live cells. Aβ was accumulated on cholesterol-dependent ganglioside-rich domains in PC12 neuronal cells in a time- and concentration-dependent manner, leading to cell death. Nerve growth factor-induced differentiation of PC12 cells increased both gangliosides and cholesterol and thereby greatly potentiated the accumulation and cytotoxic effect of Aβ. Amyloid formation by hIAPP was also facilitated by gangliosides in lipid rafts. Membrane lipid compositions, in this case, gangliosides in lipid rafts, actually caused striking change in amyloid formation on cell membranes.